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(54) IMPROVEMENTS IN GAS COOLED DYNAMOELECTRIC 
MACHINE WITH CAGE TYPE STATOR FRAME 



(71) V7e, General ELECxrac Com- 
PAMY, a corporation organized and existing 
under i!ie laws ci tlie State of New York, 
United Stales of America of 1, River Road, 

5 Schenectady 12305, State of New York, 
United Stntcs of America, do hereby de- 
clare the invention, for which wt pray that 
a patent may be granted to us, and the 
method by v/hich it is to be perfoimed, to 

ID be particularly described in and by tlie fol- 
lowing statement: — 

The present invention relates to very 
large clynamoelcctric machines, such as hy- 
drogen and liquid cooled turbine-generators 

15 of Sie order of SOO MVA or more. One of 
the main problems with such large machines 
is to be able to build them of the required 
rating without exceeding the weight and size 
which can be transported to the final loca- 

20 lion. One expedient has been to employ the 
so-called "cage" construction, involving an 
inner frame holding tlie magnetic core lami- 
nations and v/indings in place is shipped as 
one unit, and an "outer frame" which is 

25 shipped in sections and incorporates the 
necessary gas supply passages and supporting 
structure for the inner frame. An example 
of such cage constructions is seen in U.K. 
Patent No. 684,929. 

30 Another means to reduce the size of the 
components in dynamoelectric machines has 
been to reduce die outer diameter by pro- 
viding a single frame having external domes 
or "blisters" for carrying the gas longitudin- 

35 ally. These latter members, sometimes also 
containing the gas coolers, are shipped as 
separate units for field assembly. Such a 
construction is zHustrnted in U.K. Patent No. 
727,110. 

40 In the event that a single frame construc- 
tion cannot be employed and it is necessary 
to use a cage construction, one disadvantage 
in the past has been the interdependence be- 
tween the outer frame and the inner frame (or 

45 cage) in terms of the gas fiov/ at the peri- 
pheral interface between frames. Gas flow 
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zones in the inner frame were usually 
matclied up wi'ch an equal number of similar 
zones in the outer frame and suitable sealing 
accomplished between frames using circum- 50 
fercntial baffles. In other words, the number 
of radial section plates in the outer frame 
depended upon the number of radial section 
plates in the inner frame v;hich, in turn, 
depended upon the number of axially spaced 55 
inlet and outlet gap pickup zones along the 
air gap. It is undesirable for economic and 
manufacturing reasons to have too many 
short sections in the outer frame, vsiiereas 
efficient cooling of the stator core and rotor 60 
dictate relatively short sections providing 
multiple parallel cooling paths in the inner 
frame. 

Accordingly, one object of the present in- 
vention is to provide a gas cooled dynamo- 65 
electric macliine having an improved stator 
fiame. 

The presents invention is a dynamoelectric 
machine having a rotor and a stator defining 
an air gap therebetween and having means 70 
for recirculating coohng gas inside the 
machine, said stator comprising: a cylindri- 
cal magnetic core defim'ng a plurality of 
radial cooling ducts communicating with said 
air gap, an inner frame supporting said core 75 
and having axially spaced radial pliates en- 
closed in ^part by circumferentially extend- 
ing plates and defining, togedier with said 
core, a plurality of circumferentially estend- 
ing ducts communicating around the core 80 
periphery'' with said radial ducts, and an outer 
frame supporting said inner frame and hav- 
ing circumferentially spaced iongimdinal 
plates enclosed by an outer wrapper and 
defining, together with said inner frame, a 85 
plurality of longitudinal manifolds, each of 
said manifolds communicating with alternate 
ones of said circumfereniially extending ducts 
along the inner frame. 

An embodiment of the present invention 90 
v/ill now be described with reference to the 
accompanying drav/ings, in which: — 
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Fi''. 1 is a composite cross-sectional view 
of one-half of the length of the dynamo- 
electric madiine, taken through angularly 
spaced locations along lines I— I of Fig. 

Fig. 2 is a cross-secuonal transverse view 
through the madiine at a cold gas inlet 
section, taken along Unes II— II of Fig. 

10 ^Fig. 3 is a transverse cross-sectional view 
through the machine at a hot gas outlet sec- 
tion, along lines III — ^III of Fig. 1, 

Fig. 4 is a perspective cutaway dra^\^ng 
showing portions of the rotor, stator, inner 

15 frame and outer frame, and 

Fig. 5 is a perspective view of the inner 
frame onty, shov/ing the pattern of gas flow. 

Referring now to Fig. 1 of the drawings, 
a dynamoelectric machine as a large hydrogen 

20 cooled stem turbine-generator, has a rotor 1 
disposed so as to rotate within the cylindrical 
bore of a stator laminated magnetic core 2. 
The core 2 is coasially supported within a 
separate inner frame or "cage" 3. Cage 3, 

25 in rjrn, is supported ooasially within the bore 
of an outer frame 4. 

As is usual with this size of machine, the 
casing is filled with a gaseous coolant such 
as h^'drogen under pressure and is sealed 

30 against lealcage to the atmosphere. Means to 
recirculate coolant gas throughout the 
machine and to cool the gas include an axial 
flow fan such as 5 disposed on each end of 
rotor 1 and verucal tube coolers 6 located 

35 at eitlier side of the rotor center-line, on both 
end of the madiine. 

The rotor 1 carries field windings disposed 
in longitudinal sbts arranged for the passage 
of cooling gas which is picked up fronx and 

40 discharged to the air gap 7- Gap pickup 
inlet holes S and oudet holes 9 are arranged 
in alternating zones along the rotor. The 
internal pattern of the rotor cooling may be 
of the diagonal flow type as described in 

45 U.K. Patent No. 945,390. 

The construaion of the magnetic core 2 
is of a known t^^je, wherein stadcs^ of lamina- 
tions or punchings are grounded in packages 
of laminations 21 separated at intervals to 

50 define radial ducts 22. Thus the cooling gas 
flows radially inward and outward to and 
from the air gap 7 as indicated in Fig. 1. 
This gas passing through radial ducts 22 
cools the magnetic core 2 and then cools the 

55 rotor windings. Main armature windings 23 
are disposed in slots formed in the lamina- 
tions 21, these windings being cooled by 
liquid from circular pipe headers 24. 

The inner frame or cage 3 is made up of 

60 three circular ring sections fastened together 
to form a cylindrical framework holding the 
core laminations 21. Reference to Fig. 2 and 
Fig. 3 shows that a series of longimdinal rods 
or "tie-bars" 31 arc secured in arcuate asially 

65 spaced radia? plate? 32. The opposite ends 



of plates 32 are secured to longitudinal join- 
ing plates 33 which are attached toge±er to 
form a cylindrical cage. The reason for mak- 
ing the cage 3 in circular seaors is that by 
appropriate shimming or machining of the 70 
longimdinal Joining plates 33, the aige can 
be made of the proper tighmess to hold the 
laminations of core 2. As indicated m Figs. 
2 and 3, the laminations are held by a dove- 
tail connection widi tlie tie-bars 31. A cu:- 75 
cular flange ring 34 clamps the laminations 
tightly by means of threaded nuts on the tie- 
bars. . , . 

To control the flow of cooling gas withm 
the inner frame, circumferential seals 35 of 80 
"core baffles" are amched to the radial plates 
32 and form close clearances with the peri- 
phery of the core. A series of circumferenu- 
ally extending plates 36 partially enclose die 
radial plates 32. Plates 36, radial plates 32, 85 
and the periphery of core 2 together pro- 
vides a series of circumferentially extending 
ducts 37 which communicate with the radial -_ 
ducts 22 in the core and therefore with the 
air gap 7. Plates 36 are intermpted at in- 90 
tervals to provide inlet openings 38 to cir- 
cumferential ducts 37 and, at other circum- 
ferentially spaced locations, to provide outlet 
openings 39 from circumferential ducts 37. 

It is important to note ±at the inlet open- 
ings 38 are disposed in two asiaHy extend- 
ing lines along the top and bottom of the 
cage, whereas outlet openings 39 are disposed 
in two axially extending lines along the oppo- 
site of the ca?e, although the positions could 100 
be reversed. Fig. 5 illustrates the location of 
openings 38, 39 along the enure cage, as well 
as tlie cage construaion itself. 

The inner frame 3 is supported whhin the 
outer frame 4 by a series of spring mounting lOD 
columns 10 attached at the upper end by 
bosses 11 to the inner frame and supported 
at the lower end by brad«ts 12 attached to 
the outer frame. The mounting springs 10 
serve to isolate vibration between the inner 11" 
and outer frames according to the philosophy 
of the aforementioned U.K. Patent No. 
684,929. ^ . 

The outer frame 4 is made up of cylmdn- 
cal sections intended to be shipped separately 115 
and assembled around the inner frame at the 
site during final construction. The frame sec- 
tions are constructed to be bolted and welded 
together around the circumference as indi- 
cated at 40 in Fig. 1, but ihc outer frame 120 
4 will be discussed as though it were a single 
member. 

Outer frame 4 is made up of a series of 
rings 41 axially spaced along other tie rods 
42. Extending ladfeUy ounvard from rings 41 125 
arc section plates 43. Rings 41 and plates 43 
can be spaced at any desired location v/ithout 
regard to the asial spacing of the previously 
mentioned inner frame radial plates 32. The 
section plates 43 are entirely enclosed by gas 130 



BNSDOCID: <GB 1252192A_I_> 



3 U52,192 3 



tight wrapper 44, which cooperates with end 
plates 44a to enclose the entire machine in- 
cluding coolers 6. A circumferential end seal 
45 closes oS the end space between frames 

5 3 and 4. 

Reference to Figs. 2, 3 and 4 shows that 
the omer frame 4 is divided into four quad- 
rants by longitudinal plates 46. Longitudinal 
seals 47 of flexible material such as rubber 

10 bridge the gap between frames to prevent 
leakage circumferentially ilirongh the annu- 
lar space between the inner and outer frames. 
The axially spaced section plates 43 are pro- 
vided with holes 48, and in some plates, flow 

15 distributing pipes 49 are added to facilitate 
movement of the gas in a longitudinal direc- 
tion through the outer frame. 

By means of the outer wrapper 44, the 
longitudinal plates 46 and the outer 

20 surface of cage 3, four longitudinal 
manifolds are formed along the length 
of the machine. Two of 5iese are cold 
gas supply manifolds 50 along the top 
and bottom of the machine, and two are hot 

25 gas return manifolds 51 along opposite sides 
of the machine. Manifolds 50 extend along 
over the lines of axially spaced inlets 38 lead- 
ing to the inner frame, while manifolds 51 
extend over the line of axially spaced cutlets 

30 39 leading from the inner frame. 

The operation of the invendon is as fol- 
lows. Cool gas flowing from the coolers 6 
at both ends of the machine toward the suc- 
tion side of fan 5 is blown into the upper 

35 and lov/cr manifolds 50 from the chambers 
at each end of the machine toward the 
center. As indicated in Fig. 1, the flov/ dis- 
tribtning pipes 49 aa as flow dividers allow- 
ing a portion of the gas to flow inward and 

40 directing the rest of the gas into the next 
section. Reference to Figs. 4 and 5 shows tlie 
pas flowing inwardly through the inlets 39 
into the circumferentially extending ducts 
along alternate sections of the cage. 

45 Fig. 2, which is a cross-secuon through the 
radial ducts 22 between lamination padvages, 
shows how the circumferentially flov/ing gas 
has access arotmd the entire periphery of core 
2, despite the presence of the longimdinal 

50 joining member 33. The gas flows radially 
inward to the air gap 7, ^vliere the gas is 
picked up by the gap pick-up holes 8, cir- 
culated through the rotor and returned to the 
air gap through outlet holes 9 at an axially 

55 spaced location. 

Fig. 3 of the drawings shows an outlet 
section. Gas flowing from the air gap 7 radi- 
ally outward through ducts 22 enters the cir- 
cumferentially extending ducts 37 in the 
60 inner frame. It flows circumferentially inside 
the inner frame plates 36 until it reaches 
outlets 39. As indicated in Figs. 4 and 5, it 
then flows into the hot gas return manifolds 
51 from the center towards opposite ends of 



the machine to the coolers 6, where it is re- 65 
drculated as before. 

It is imponant to note that the cooperative 
relationship between the inner frame 3 and 
the outer frame 4 is not by means of align- 
ment of circumferentially extending mem- 70 
bers and seals between inner and outer 
frames as in die prior art, but is by means 
of longitudinally extending memben, in- 
cluding longitudinal plates 46 and longitudi- 
nal seals 47. Therefore, the rings and section 75 
plates in the outer frame can be located as 
desired without regard to the number of sec- 
tions or locations of aection plates in the inner 
frame. 

It should also be noted that access around 80 
the entire periphery of the core at each of the; 
inlet zones is afforded by means of the cir- 
cumferentially e.^tending ducts 37, even 
through the drcuniierentiaUy extending ducts 
are interrupted by the longitudinal joining 35 
plates 33. The manner in which diis is 
accomplished may be seen by reference to 
Figs. 2 and 3, wherein the longitudinal join- 
ing plates are seen to be located such that 
the two cold gas manifolds have access to 90 
all three circumferentially extending ducts at 
top and bottom. In a similar manner, the 
two hot gas manifolds have access to all three 
circumferentially extending ducts at the sides 
of the machine. In practice, this is accom- 95 
piished by ensuring that there are at least as 
many manifolds as there are circumferenti- 
ally c::tending ring scaors, although in the 
embodiment shown there are fotir manifolds 
in the outer frame and three seaors in the 100 
cage. 

By varying tiie number of longitudinat 
dividing plates, any number or location of 
hot and cold gas manifolds could be pro- 
vided. 



WHAT WE CLAIM IS: — 

1 . A dynamoelectric machine having a rotor 
and a stator defining an air gap therebe- 
tween and having means for recirculating 
cooling gas inside the machine, said stator 110 
comprising: 

a cylindrical magneric core defining a 
plurality cf radial cooling ducts communi- 
cating v/ith said air gap, 

an inner frame supporting said core and 115 
having axially spaced radial plates enclosed 
in part by circumferentially extending plates 
and defining, together widi said core, a plura- 
lity of circumferentially extending ducts com- 
municadng around the core periphery with 120 
said radial ducts, and 

an outer frame supporting said inner frame 
and having circmnferentially spaced longitu- 
dinal plates enclosed by rji outer wrapper 
and defining, togedier widi said inner frame, 125 
a pluraKty of longitudinal manifolds, each of 
said manifolds communicating with alternate 



1^52,192 



ones of said drcumfeientially extending ducts 
along the inner frame. 

2. A madiine as claimed in claim I, 
wherein said outer frame includes a plura- 

5 lity of longitudinal seals cooperating v/ith the 
drcumferentially extending plates of the 
inner frame to bloclc communication between 
adjacent manifolds. 

3. A machine as claimed in claim 1^ or 
10 claim 2, wherein, wherein tliere are four 

manifolds, tr;o of said manifolds on dinmetri- 
caliy opposite sides of the machine being 
supplied with cooling gas froxn opposite ends 
thereof and the two remaining manifolds^ 
15 also disposed on diametrically opposite sides 
of the madiine supplying hot gas towards the 
ends of the machine to be cooled and recir- 
culated. 

4. A machine as claimed in claini 1 or 
20 claim 2, v/herein said inner frame is divided 

into circular ring sector joined together by 
Icngiwdinal joimng members, and wherein 
the number of said manifolds is at least as 
great as the number of said sectors. 
25 ^ 5. A machine as claimed in claim 1, where- 
in said inner frame is made in ring sectors 
for joinin.;? along longitudinal joints and 
wherein said outer frame is made in annu- 



lar sections for joining along circumferen- 
tial joints. , . , . i u 

6. A madiine as claimed m clami 1, where- 
in circumferential baffles extending from the 
inner radial plates form close dearances witli 
said core and wherein longitudinal seals ex- 
tending from said longitudinal plates in the 35 
outer frame form close clearances v/ith the 
inner frame periphery. 

7. A machine as claimed in daim 1, where- 
in said drcumferentially extending plates in 

tlie inpxr frame define a series of openmgs 40 
in alternate drcumferentially extending ducts, 
one series of said openings bdng disposed in 
a line along the length of the machine under 
one of said manifolds, another series of said 
openings being disposed in a line along the 45 
length of said machine inside an adjacent one 
of said manifolds. 

8. A dynamoelectric machine substantially 
as hereinbefore described with reference to 
and as shov.'n in the accompanying draw- 50 
ings. 

For the Applicant, 
GRAHAM WATT & CO., 
Chartered Patent Agents, 
3/4, South Square, Grays Inn, 
London, W.C.I. 
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